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In this second session, I.G. performed the following tasks: immediate grasping, delayed real grasping, and delayed Current Biology 2001, 11:1896-1901 pantomimed grasping. The three tasks were presented 0960-9822/01/$ -see front matter according to an "abccba" design. As predicted, we found  2001 Elsevier Science Ltd. All rights reserved. no significant grip scaling during immediate grasping (Figure 3a) , as in previously reported patients [4, 5] . In delayed real grasping, however, grip scaling was now very clearly observed, with I.G. opening her hand significantly less
Results

Experiment 1
widely for the narrowest object in comparison with the other three objects (Figure 3b ). Finally, as predicted, clear In the first test session, I.G. performed three different tasks in the following order: perceptual matching, delayed grip scaling was again found in the delayed pantomime- the delayed real grasping task. We had initially assumed, however, that the past information would be entirely superseded by the new sensory information available to the visuomotor system, as was shown in a different context for proprioceptive targets [7] .
But in I.G.'s case, that past information would not be redundant. Indeed, her relative success in pantomimed grasping shows that it would now provide her with better visual guidance than the current information, processed within her damaged visuomotor system. It is therefore possible that I.G. might have adopted a pantomiming strategy in the delayed real grasping task, rather than relying on the currently visible object to guide her hand. Support for this superficially implausible idea comes from
The delayed grasping tasks used in the present study. In both delayed I.G.'s reduced grip aperture during the second block of tasks (real and pantomimed), the object was first viewed for 3 s, delayed real grasping trials; previous work has shown that and then shielded from view for 5 s. In delayed real grasping, the people open the hand less widely when pretending to reach subject then had to reach out and grasp the object. In pantomimed out and grasp than when actually doing so [6] .
grasping, however, the subject had to pretend to reach out and grasp the object after this delay, as it had been covertly removed during the delay period.
In order to determine which of the two sources of visual information was used during delayed real grasping by I.G. and by healthy subjects, we created a new series of delayed real grasping trials in which occasional special grasping task (Figure 3c ). There was also a notable general test trials were embedded. The task was given after a reduction in I.G.'s initially exaggerated grip apertures series of standard delayed real grasping trials and was from the first to the second testing blocks.
presented as yet more of the same task. Thus, I.G. was unable to scale her grip size when a simple immediate grasp was required; yet, having previewed the
Experiment 2
In this experiment, only delayed real grasping was tested. object 5 s before being offered it to grasp, she now adjusted her grip aperture quite well. Of course, in contrast However, although the usual four objects were used throughout, half of the trials with the widest and narrowest to the immediate or pantomimed tasks, for which only one source of visual information could be used, both presobjects were made into test trials. On these occasions, the narrowest (2 cm) object was covertly replaced during the ent and past visual information is potentially available in Experiment 1: I.G.'s maximum grip aperture (MGA) during a perceptual matching task and two delayed prehension tasks. Within each block of trials, each object was presented four times in a pseudo-randomized order (no object was presented twice in succession). Linear regression analysis showed that I.G. scaled her grip size in relation to object width at high levels of significance in both (a) the matching task Experiment 1: I.G.'s maximum grip aperture during three different prehension tasks. (a) In the immediate grasping task, the subject simply had to reach out to pick up the target object, front to back using forefinger and thumb, as soon as it became visible. Linear regression showed no significant relationship between object width and MGA during this task (r 2 ϭ 0. delay interval with the widest (5 cm), or the widest was the object facing them (Figure 5b ). It made no difference whether or not they had been shown a different block 5 replaced with the narrowest (see Figure 4) . In total, 48 trials were performed in a pseudo-randomized order (12 s earlier. In striking contrast, I.G. opened her hand widely when the wide object had been previewed, even when for each object, including 6 "test" trials for the widest and 6 for the narrowest object). Six age-matched rightreaching out to grasp the narrow one (Figure 5a, right) . Evidently I.G. used a memory-based route to bypass her handed healthy control subjects were also tested using the same paradigm.
visuomotor deficit, while the controls never did this.
We confirmed that our controls opened their hands during In the test trials in which the narrow object was replaced the prehension movement entirely according to the size of by the wide one, I.G.'s maximum grip did reach an appropriately wide aperture (Figure 5a, left) . Presumably, the initially programmed small grip aperture had to increase during the course of the reach in order for I.G. to eventually grasp the wide object, and this would be reflected in the maximum grip aperture that we measured. Of course, on the trials when she had to close down her grip from an expected large to an actual small object, that small object was also eventually grasped correctly, but the grip would already have opened widely before that correction occurred.
Discussion and conclusions
Patient I.G. suffered severe bilateral damage to the homolog of the monkey's "dorsal stream" of visual processing, causing the visuomotor difficulties typical of optic ataxia. The primate dorsal stream plays a specialized role in the on-line automatic transformation of visual information profound problems in shape discrimination but spare visually controlled reaching and grasping [16, 17] . In a similar Experiment 2: maximum grip aperture as a function of final object size for patient I.G. and one representative control subject. The MGA data were analyzed for each subject individually using ANOVAs with initial and final object size as independent variables. For all of the subjects, there was a significant main effect of final object size (p Ͻ 0.005), but none of initial object size. However, there was a significant interaction between initial and final object size for patient I.G. only (F[1,19 ] ϭ 7.01, p Ͻ 0.02). Inspection of the data reveals that, when the initial object was 5 cm wide and covertly replaced by the 2-cm wide object, I.G. programmed her grip size on the basis of the initial large object width. All of the six control subjects always used the final object size for programming their MGA, irrespective of whether it had changed during the trial.
way, the well-tested patient D.F., whose visual-form agthe same time, we showed that, like previous patients [5], I.G. perceived the object widths quite accurately and nosia renders her unable to distinguish simple shapes or contours, can nevertheless perform a range of actions could signal these percepts using her finger and thumb. Most crucially, we confirmed our prediction that she guided by those same visual features [18, 19] . D.F.'s lesion has bilaterally disconnected her ventral stream from most should show an improvement in her grasping movements of its visual inputs [20] . This double dissociation provided the rationale for the present study. The intact visuomotor skills retained both by "agnosic" monkeys and by the agnosic patient D.F. have been attributed to an (largely) intact dorsal stream [21] . Yet, Goodale and colleagues [6] found that D.F. was unable to respond appropriately when asked to perform pantomimed grasps in response to a memorized object no longer present. They proposed that healthy observers perform such delayed acts by means of a conscious perceptual representation of the object, rather than through direct visuomotor control. This indirect route would not be available to D.F., because she cannot achieve the necessary perceptual representation.
This proposal of two separate routes from vision to action [6] is attractive, but it relied entirely on negative evidence, in that patient D.F. performed exceptionally badly on the delayed task. We therefore sought complementary positive evidence from optic ataxia, making the prediction that patient I.G. should show improved performance in delayed pantomime grasping relative to immediate grasping, a converse pattern to that seen in healthy subjects. We assumed that I.G. might be able to circumvent her damaged visuomotor system by bringing her relatively intact perceptual system into play.
In Experiment 1, we established that I.G.'s visuomotor A coronal section through I.G.'s brain, visualized with structural MRI. Extensive damage is present bilaterally in the posterior parietal lobes.
difficulties included the misgrasping of objects of different widths presented to her in her peripheral vision. At D.F. [6] . They are clearly consistent with the idea that posterior parietal visuomotor systems are part of the neural Grip aperture was measured by means of a magnetic movement recording system (Minibird, Ascension Technology), with markers attached circuitry for mediating normal immediate object grasping to the tips of the forefinger and thumb. This allowed us to record finger- [11, 13] but are not essential for mediating delayed rethumb separation, in 3D space, throughout all of the reaching and graspsponses of an ostensibly similar kind [7, 22] .
ing movements, or for 1 s in the case of I.G.'s size judgements in the perceptual matching task. The dependent variable of interest was the maximum grip aperture attained during reaching (MGA), or the mean
We correctly predicted good pantomimed grasping by finger-thumb aperture in the case of perceptual matching. These mea-I.G.. However, we expected that her real grasping behavsures are linearly related to object size in healthy subjects in all of the ior would be equally impaired whether or not she had seen tasks. In grasping tasks, MGA provides a direct index of the use of visual information in advance of contact with the object [26] .
the object a few seconds earlier. We wrongly assumed that I.G. would try to use the same visual information in both
